Objectives: To determine the clinical outcome related to treatment failure of the percutaneous coronary intervention (PCI) itself. Background: When considering the addition of PCI to the medical treatment of angina, it is necessary to know the balance between the benefit and the risk of the PCI itself, but the latter remains unknown. The usual outcome measures are imprecise because they contain events unrelated to the previous PCI and because some events clearly caused by PCI treatment failures are omitted. Methods: In total, 2098 unselected patients were randomized to receive either sirolimus-(n = 1065) or paclitaxel-(n = 1033) eluting coronary stents and followed for five years in the SORT OUT II. Any death, cardiac death, myocardial infarction (MI), stent thrombosis and documented stenosis was classified and combined to a "patient oriented clinical outcome" (POCO), the classical "major adverse cardiac events" (MACE) and the new "PCI-treatment * Corresponding author.
Introduction
When decision has to be made about an eventual addition of a PCI treatment to the medical treatment, knowledge of the balance between benefit and risk of adverse events is necessary to determine if PCI treatment would be advisable. The initial PCI cannot be held responsible for any subsequent adverse event! The clinical outcome related to the PCI-treatment has to concern the actually given lesion or vessel and must not involve other vessels or clinical consequences of disease stemming from untreated vessels.
The Academic Research Consortium (ARC [1] ) has recommended that the clinical outcome after PCI should be estimated by a patient oriented clinical outcome (POCO) measure consisting of adverse events in a combination of all cause death, any MI or any revascularization. The POCO is an unbiased measure with a perspective of what happens to the patient. If the focus is shifted to ask what happens to the PCI treatment itself, then the POCO is a rather imprecise measure. Firstly, because POCO is confounded by irrelevant events like deaths from non-cardiac reasons, cardiac deaths unrelated to the initially treated vessel as well as MI originating from non-treated vessels. Secondly, because some cardiac events are not encountered for in POCO, even though they possess obvious signs of failure of the initial PCI (e.g. in stent re-stenosis if it cannot be treated by revascularization). Consequently, the quintessence of the clinical outcome of the PCI-treatment itself is not reflected by the POCO rate. Attempts to increase the precision by modification of the content of the composite end point have not solved that problem. For instance, the Major Adverse Cardiac Event (MACE) encompassing cardiac death, Myocardial Infarction (MI) and revascularization of the initially treated vessel (Target Vessel Revascularization, TVR) is not merely a measure of treatment failure but is rather reflecting both the treatment failures as well as further progression of atherosclerotic disease in previously untreated lesions as well as MI caused by occlusions of previously untreated vessels.
The target vessel failure rate has been proposed as a measure of efficacy of the PCI treatment itself (ARC [1] ). This composite end point contains target vessel revascularization, death, or myocardial infarction attributed to the target vessel (ARC [1] ), but again this measure is imprecise because death is not necessarily even cardiac and some of the myocardial infarctions with uncertain localization might stem from the treated vessel but such events are not encompassed.
Any outcome measure is imprecise because some events cannot be classified with certainty, but by accounting for each and every possible adverse event, a range between a minimal or definitive and a maximal adverse event rate may be determined.
The purpose of the present article is to present our treatment failure classification system and use it to assess the clinical outcome related to the PCI treatment itself (i.e. the TOCO rate) and report this together with the confidence intervals in conjunction with the commonly known POCO-, MACE-and stent thrombosis rates.
Methods
The SORT OUT II has previously been thoroughly described [2] [3] . In short, 2098 patients with 2888 lesions were randomized to receive one of the two first commercially available drug eluting stents-the sirolimus-eluting Cypher stent (Cordis/Johnson & Johnson, Miami Lake, Florida) or the paclitaxel-eluting Taxus stent (Boston Scientific Corp, Natick, Massachusetts).
The two groups were well matched at baseline for medication intake, and coronary artery disease [2] . The main outcome measure in the present context is the rate of TOCO (= definite and probable treatment failure rate (TF-123, Table 1) ). The 100% confidence interval spans from definite treatment failure (TF-1) to definite, probable and possible treatment failure (TF-123456).
Secondary outpoint measures were the rates of POCO, MACE and stent thrombosis (= definite and probable stent thrombosis, ST-123, Table 1 ), the latter with a 100% confidence interval ranging from definite stent thrombosis (ST-1) to definite, probable and possible stent thrombosis (ST-12345) which includes, as a new item: MI with uncertain localization.
The Treatment Failure Classification System
The events not previously accounted for in the traditional clinical outcome measures are 1) angiographically proven re-stenosis in the initially treated lesion if it is left untreated by revascularization (for whatever reason); 2) proven stenosis in the initially treated vessel but outside the initially treated lesion, again if it is left un-treated by revascularization (such a stenosis may have been caused by injury from gear used during the initial PCI and may therefore be classified as a possible treatment failure) and 3) MI with uncertain localization (it may still potentially be an in stent thrombosis, but as it is impossible to determine the localization of the MI in relation to the initially treated vessel it is not encompassed in the stent thrombosis classification system from ARC [1] .
The events often included, even though they contain elements unrelated to the initial PCI, are 1) all cause death which contains non-cardiac death; 2) MI which contains MI in areas irrigated by other coronary vessels than the initially treated vessel; 3) cardiac death which contains some cardiac deaths with a cause being unrelated to the initial PCI (e.g. death due to a new MI in a previously untreated vessel).
The treatment failure classification system was constructed to consist of one single mutual outcome measure that combined POCO, stent thromboses and angiographically proven re-stenoses in the treated lesions as well as stenoses in the treated vessels. It is an exhaustive classification system because it is making account of any death, any cardiac event and any sign of treatment failure that cannot be rejected as being related to the initial PCI.
At the same time it is rejecting events caused by death of non-cardiac reasons as well as cardiac events unrelated to the initial treated vessel. Consequently it is a more precise estimation of treatment failure of the initial PCI and thereby a measure of the clinical outcome of the PCI treatment itself.
The complete treatment failure classification system have several different sub-classes and is closely related to the classification of definite, probable or possible stent thrombosis known from ARC [1] . Likewise, we defined end points with varying degree of certainty of a relation to the initially treated vessel (including the initially treated lesion). It is ranging from a definitely proven relation to a definitely rejected relation ( Table 1) . Several events cannot be exactly determined to be connected to the initially treated vessel and consequently the genuine treatment failure rate remains unknown. A minimal and a maximal rate of treatment failures are easily obtainable and they will define the boundaries for a complete (or 100%) confidence interval for the presumed genuine treatment failure rate. This rate must be at least the rate of definitely proven treatment failure (TF-1, Table  1 ). With increasing treatment failure numbering (TF-2, TF-3, TF-4, TF-5, TF-6, Table 1 ) there is a decreasing likelihood of a connection between the initially treated vessel and a subsequent cardiac event. The theoretical maximal treatment failure rate is estimated by counting any cardiac event or subsequent stenosis that could not with certainty be rejected as related to the initially treated vessel. Consequently, the rate of presumed genuine treatment failure is beyond the minimal treatment failure rate (TF-1, Table 1 ) but below the theoretically maximal treatment failure rate (TF-123456, Table 1 ). Rejected or definitely no treatment failure is classified as TF-7 in order to enable complete accounting of all detected adverse events: any death, any MI, any stent thrombosis, any revascularization and any coronary angiography ( Table 2) .
Statistical Analyses
All analyses were performed according to the intention-to-treat principle. All p-values are two sided with a significance level of 0.05. The cumulative proportion of patients experiencing an event was analyzed according to the date of the first event for each patient and depicted in Kaplan-Meier plot. We performed log-rank test to assess the p-value. If patients emigrated, the date of emigration was used as censoring date. Death for any reason and POCO was censored for emigration; cardiac death and MACE was censored for emigration and non-cardiac death. Other end points were censored for death and emigration. The treatment failure (TF) classification and the corresponding stent thrombosis classification abbreviated from Table 7 from the Academic Research Consortium (ARC). The events are related to the initially treated lesion or vessel and classified according to the TF-numbering. With increasing TF-number, the likelihood of a relation to the initial PCI is decreasing. The TF-classification is combining and classifying each and every death, cardiac death, myocardial infarction (MI), stent thrombosis (ST) and stenosis in initially treated lesion or in initially treated vessel whether or not it is treated by revascularization. The seven classes enable full accounting of all adverse events into one single mutual and exhaustive classification system. Re-stenosis in the initially treated lesion is obviously a treatment failure and is included in TF-1 even if it is not treated by revascularization. This is opposed to previously known clinical outcome measures. Likewise, a de novo stenosis outside the initially treated lesion but inside the initially treated vessel is included in TF-6. The stent thrombosis classification proposed by ARC has been expanded by a new class (ST-5): a MI with uncertain localization, because this might still be an in stent thrombosis. TF-7 contains events where the connection to the initial PCI is rejected. Abbreviations: TLR (target lesion revascularization), PCI (percutaneous coronary intervention); CABG (coronary artery bypass grafting), TVR (target vessel revascularization), MACE (major adverse cardiac event). Table 1) ). Below abscissa is shown the number at risk (no. at risk).
A. M. Galløe et al.

411
Results
The number of patients with an event is listed in Table 2 and the event rates for the principal outcome measures are depicted in Figure 1 , top panel. There were no statistical significant differences in any of the combined or individual event rates between sirolimus-and paclitaxel-eluting stent groups ( Table 2) . The rates of POCO, MACE, TOCO (=definite and probable treatment failure, TF-123) and stent thrombosis (=definite and probable stent thrombosis, ST-123) within 5 years were 35.6%, 22.3%, 14.0% and 5.1% respectively. The TOCO (TF-123) was detected in 293 (14.0%) of the patients with a complete (100%) confidence interval ranging from at least 13.2% (TF-1) to at most 22.0% (TF-123456, Table 2, Figure 1 middle panel) . The rate of TOCO (=TF-123) amounted to 39% of the POCO rate and to 63% of the MACE rate.
The presumed genuine stent thrombosis is reflected in the definite and probable stent thrombosis rate (ST-123, Table 1 ) and was detected in 107 (5.1%) of the patients with a complete (100%) confidence interval ranging from at least 73 (3.5%) (ST-1) to at most 246 (11.7%) (ST-12345, Table 1, Figure 1 bottom panel) . The rate of definite and probable stent thrombosis (ST-123) amounted to 14% of the POCO rate, 23% of the MACE rate and to 36% of the TOCO rate (TF-123).
Additional Analysis
We also thought it important to report the total number of revascularization as well as revascularizations caused by treatment failure. Any subsequent revascularization with either PCI or coronary artery bypass grafting (CABG) occurred in 487 patients (23.2%). Revascularization of the initially treated lesion (target lesion revascularization, TLR) occurred in 224 patients (10.7%). Revascularization caused by stenosis outside the initial treated lesion but still inside the same vessel occurred in 60 patients, and consequently TVR occurred in 284 patients (13.5%). Thus TLR amounted to 46.0% and TVR (including TLR) to 58.3% of all subsequent revascularizations (Figure 2) .
Among the 224 patients with subsequent TLR, 192 patients experienced one revascularization, 26 had two, 5 had three, and 1 had four revascularizations.
Among the 284 patients with subsequent TLR or TVR, 244 patient experienced only one revascularization, 32 had two, 7 had three, 0 had four and 1 had five revascularizations. Thus 40 patients of the entire study population of 2098 patients (1.9%) required at least two subsequent TLR or TVR.
Discussion
The principal finding was that the definite and probable treatment failure or TOCO rate after five years was 14.6% even after inclusions of adverse events traditionally left out. Initially we selected the rate of definite and probable treatment failure (TF-123, Table 1 ) to represent a guess of the presumed genuine treatment failure rate. This was chosen because it corresponded to the presumed genuine stent thrombosis which is identical to the definite and probable stent thrombosis according to the ARC definitions (identical to ST-123, Table 1 ). Any choice will not be exactly correct because it will contain events that are not treatment failures and it may lack events that would in fact have been classified as treatment failures if better elucidation were possible. The TOCO rate (TF-123) only represents one guess on the true and genuine treatment failure of the initial PCI. The quality of this guess may be estimated by two other results. First the fact that 58.3% of any subsequent revascularizations were TLR or TVR. Second, the result from the PROSPECT study where "only" approximately half of all subsequent adverse events were related to the initial PCI [4] . Parallel to these figures we found a TOCO rate of 63% of the MACE rate. It shall again be emphasized, that our measure includes events that are traditionally left out. These two results support that the TOCO rate (TF-123) may serve as a measure that is obviously also reflecting the real rate of genuine treatment failure. The TOCO rate (TF-123) is still only a guess and our choice must therefore be accompanied by a (100%) confidence interval, which is enabled by the way the treatment failure classification is constructed. Regularly revisions occur in the consensus on how to evaluate the efficacy and safety of PCI. This is reflected in the frequent changes of the endpoint definitions and the discussions of the proper way to report them [1] [5] [6] . In line with the suggestions from ARC on how to report outcome, we explicitly report all treatment failure classes. The corresponding depiction of all treatment failure curves enables the reader to choose an alternative and personalized selection of a curve thought to be better reflecting the presumed genuine treatment failure rate (Figure 1, middle panel) . The estimation of a presumed genuine stent thrombosis rate likewise needs a confidence interval, and by the new inclusion of MI with uncertain localization (=ST-5) we have enabled determination of a 100% confidence interval for stent thrombosis (Figure 1, bottom panel) .
With the use of our exhaustive treatment failure classification system in future PCI studies it will be possible for others to repeat our analyses of treatment failure rates and of the fraction of any revascularizations that are TLR or TVR and thereby help qualifying whether the TOCO rate (TF-123) is the best reflection of the real-and not only the presumed-genuine treatment failure rate. Until then, we found the rate of TOCO to be in the vicinity of 40% of the unbiased POCO rate and 60% of the MACE rate, and we believe it is important to remember these approximate fractions when evaluating the genuine clinical effect of the PCI itself from POCO or MACE reported in other studies.
Clinical Consequences of the Treatment Failure Classification
The treatment of coronary artery stenoses with PCI reached new effectiveness with the introduction of the drug-eluting stents [7] . Five years after their introduction into routine clinical practice, the COURAGE study showed that the addition of PCI to optimal medical therapy did reduce the number of angina attacks by 40% [7] , but in fact did not change mortality or acute MI rates [8] . Despite various interpretations of the COURAGE results, including that the study predominantly was a bare metal stent study, the use of PCI in the United States promptly fell by 26% in patients with stable angina [9] . Four years later the PROSPECT study showed that only around half of the MACE could be ascribed to the initially treated vessel while the other half of the MACE rate stemmed from progression of disease or new lesions in other coronary vessels [4] -essentially adverse events that the initial PCI cannot be held responsible for.
In a recently published meta-analysis of 12 randomized studies comparing optimal medical therapy with or without additional PCI (n = 7182) it was reported, that the HR for mortality in the PCI group was 0.85 when compared to the group receiving optimal medical therapy [10] . The confidence interval was 0.71 -1.01 and thus obviously statistically non-significant [11] . These figures were reported as intention to treat results and as some patients crossed over to PCI after randomization, the real beneficial effect of PCI may be underestimated! However, the null hypothesis was not rejected and as a consequence it was concluded that there was no difference in mortality. There may tough be other alternative hypotheses than exactly the null hypothesis itself and-at least-it seems fair to state, that PCI is not likely to increase mortality. As PCI treatment was associated with a non significant but lower MI rate (HR = 0.93) and concomitantly had a significantly increased rate of total freedom from angina (HR = 1.20) (not only relieved symptoms) we believe it is fair to conclude, that PCI is a good and safe therapy [10] . Judged from the TOCO rate PCI is a treatment better than what may be perceived from the MACE or POCO rate. Our data showed that the TOCO rate amounted to 2.5% during the initial PCI hospita-lization and 2.5% each year thereafter, with only a few of the initially treated patients needing at least two subsequent revascularization (n = 40 or 1.9%) in the initially treated vessel. This also supports the notion that PCI is safe and effective and may be offered to the vast majority of patients experiencing symptoms of angina and not only be reserved to the patients with "unacceptable angina" as otherwise recommended in the former and the latest ACCF/AHA/SCAI Guidelines [12] [13].
The Durability of PCI with Drug Eluting Stents
The definite treatment failure class (TF-1) encompasses not only TLR and definite stent thrombosis but also proven re-stenosis left untreated. Freedom from definite treatment failure (TF-1) is therefore a PCI analogue to the surgically known graft patency after CABG and it may therefore be used to estimate the durability of the PCI treatment. In our unselected patients, the TF-1 rate was 13.2% and freedom from TF-1 is correspondingly 86.8%. Interestingly, the five years patency rate have been reported to be 72% of Saphenous vein grafts and 88% -92% for internal mammary artery grafts [14] [15] . In plain words, PCI with a drug eluting stent appears to have almost the same durability as mammary grafts after five years observation.
Limitations
It is a major limitation, that there is no way to find the real treatment failure rate. We have only indirect estimations. We find the POCO rate to be very useful to estimate what the patient may face in unbiased total health risk for the future but regrettably this combined end point is seldom reported, even in publications referring to ARC. The coupling of the rate of TOCO to be a fixed percentage of the POCO or the MACE rate is rather imprecise, but it may be a solution to estimate the rate of TOCO conditioned that our present findings are reproduced in other patient populations.
Conclusions
The treatment failure classification contains an exhaustive accounting of deaths, MI and revascularizations together with stent thromboses, re-stenoses and de-novo stenoses. These adverse events are combined into one single mutual classification system. From this, it is possible to extract unwanted events seen from the patient perspective (POCO), seen from a cardiac perspective (MACE) or seen from a perspective of the PCI itself (TOCO). The latter is not neglecting any treatment failures but rejects cardiac events definitely unrelated to the initially treated vessel and it is consequently producing a more complete and exhaustive accounting of the clinical outcome of the PCI itself. The rates of POCO, MACE, TOCO (TF-123) and stent thrombosis (ST-123) within 5 years were 35.6%, 22.3%, 14.0% and 5.1% respectively. The clinical consequence is that the clinical effect of PCI itself is better than what is reflected in the total POCO or MACE rate.
In clinical situations where CABG is not mandatory, PCI does certainly not increase mortality based on the available medical literature and may thus be used in a less reluctant way and not only be reserved to clinical situations where symptoms are "unacceptable" as otherwise recommended.
The present extraction of TOCO rate give a more complete estimate of the effect of the PCI itself and may be utilized in the next revision of ACCF/AHA/SCAI guideline-hopefully to the benefit of the many patients who are symptomatic with "acceptable angina" but would potentially be relieved from any cardiac symptom by a successful PCI treatment.
